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Differences in the Light Response of Thallus and Conchocelis of

Economic Seaweed Pyropia haitanensis on Growth and Photosynthesis
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CHEN Changsheng, XIE Chaotian
( Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: Pyropia haitanensis strain Z-61 was used as the study material to analyze the responses of con-
chocelis and thallus to three light intensities( 10, 50, 500 wmol- m ~*-s~"). The maximum photosystem Il quantum
yield, and chlorophyll @ and phycoerythrin content of conchocelis and thalli were found to decrease with increas-
ing light intensity, but the net photosynthetic rate, maximal photosynthetic rate, extracellular carbonic anhydrase
activity and total carbonic anhydrase activity of conchocelis and thalli increased with increasing light intensity.
When the light intensity increased from 10 wmol- m - s~ to 500 pwmol- m - s, the growth rate of thalli in-
creased by about 77% , while the growth rate of conchocelis increased and then decreased, reaching a minimum at
500 pmol-m>-s ™', with a significant decrease of about 90% compared with that at 10 pmol- m - s ™", In addi-
tion, the maximal photosynthetic rate, maximum photosystem Il quantum yield and growth rate of thallus were sub-
stantially higher than those of conchocelis under all three light intensities. These results indicated that there are

significant differences between responses of photosystem II, photosynthesis and growth of P. haitanensis to light
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intensity, and that thalli are more adapted to high light than conchocelis, which may be the result of long-term e-
volution. Light intensity can change the uptake of inorganic carbon by P. haitanensis.

Keywords: Pyropia haitanensis; generational differences; photosynthesis; growth; CO, concentrating mechanism
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538 (Pyropia haitanensis) Je—F BA B S AT EAE SO ER KRB FZEEG R, S, @
VL. TR X A B, AR SR O I A S R B I T LAY, T TR TG B 0 i
EEFAT R EEEEAEN . 5 GE L COMAEHLE (COM) e MR K o i 1 b TE ALK
HCO; F1 CO,, SRIFHTEHURS S AL A BB T B AU, X BRI CO, H T A K T 0k
P XA S K A B, YRR P T LB 1Y L R R B K R IS I, R B 6 3 T
COM T SCHERR I T P HE AL L COM CHEAL /MO TRIRIFAG (CAs) . AZEBE -1, 5 - iR
K/ R (Rubisco) FICHUBAIE RS, CAs B—KETHE, WA TR, Rer
Al COKE N, Horp, MUAMRERETEE (eCA) FEAAL/K ) HCO, 18] CO,MRidkS41L, LA
PEERANN R MPIBRERITAE (iCA) LM 7EML N Bt s ikeh AL HCO, 54K CO,
AR5 Rubisco JRAGAL A0 COLMREED | Sliad 24832 B AR AR R 2R AR HEA T X0 LU BIFSYE , R IR 483%
CCM T71E I B AR 2R

IS AN AE MY BT G B BRI e TR A TR TR B BB e i A AT
PEEUAE DRI, KRS G REALE, AR BRI R, RSl IR (BT
) FLZARIK (FTA) BIAS AR BRSS9 o, WA T T 25 B 2 07 BRI 45 ThT 40
KSR AE RIS A KA AR DX R T A () D 5 A R R, bR A
EAE R DK R AR S B A I PR 10 2 S 3 T s S A T A A X 3R 1 R T AR
[0 i, BFFCAGAMT TG R S K IR0 £ 50 pmol - m 7 - sTORERT, FE 4
SERPIRAR 2 KR A ORI TR IK MR T 100 wmol + m 7 - s B, FEESEAORIRE K
ZEIMH; WFE 550 mmol - m ™2 + s~ R R, WhbR A KRR AT 22 5 LB

IS KSR A R, BILDGRE N RES SRR, WRTENLBIE & ALY, e 1Sk
BUBBRRI I 06 R AR R 25, (HRUERFFOE AT X — 8 S, ABFFTIl 4 iz 23 R ik & 24
RATEARTFDEIR S F T A KA TEHUBR A L 22 5, AWl aE 3 N 3R 528, 4077 10, 50,
500 wmol » m™? + s EROLHE T, IEEFROCAEAR, A, R TOHURRME IR FR R R
RIECIREREE AR AL, R T HE— b TR 2506 A A 1R TERLBRR T 2 5

1 #MRERE
1.1 SRl

ISR IR 261 fh R, HAEFE RIS Al i 2258 ki F kAR, LA 2 RIBIE
SOMEEAR 8 10 S0P W R e . SRR SRR EE 21 °C, SBJE I 12 L 12 D, JEHsR N
50 pmol + m ™« 57! IEFEMAE 2 d e — K, URIEA RS RPE TR E RS, R R E
15 em A4y, B2 ~3 em KB, ZoRIAHIZSIRENEE . SRR CHS W T REK 3% H, #
BARDBION L LESSmA, B3R 2 d ) f7d (k) , #%E 10, 50, 500 wmol - m - s =
PR, AR E =AM EY R E R
1.2 RARSHBINE

PP ARCE T 21 CIREHEMREREN, KA 1S5 min, FfJ5H Diving-PAM (Walz, Germany) 43
SR ZZARAR TN RAR D E R G T B IOEFRCR F/F,, AR GE Ry 8000 wmol + m ™2 + 57"

http : /xuebaobangong. jmu. edu. cn/zkb



o554 1 WA, 45, SBIBST R S5R A KATCHLER A A 2R - 291 -

1.3 SEXEERENNE

R DA OGRS, A 2RI R BRI K 4y, PR b (W),
SR MR SIS EOR, DAINSARMVERZS A, FORE T A KR TR 4 h, e KR
GRS . TR E TS E S hRiE (GB 74890—1987) , FH G20 UL EIYL (METTLER-TOLE-
DO) H IR A HRBISE Y , FORAAS FORA A S 22 T AR
1.4 CA HIMIZE

Z: I8 Wilbur ™ Y7 BEI5E eCA MOMBRIRETRG (total CA) 11k, HUSEIEAFREEEE (W), I
TehiHE K M =k . JCRRIE K I BCE . AR AR B K KE 7230 pH (E/NT 3, FEVKIBSET,
FEAR 30 min, FHIEIIA Tris SR RA T ERE R 6 ¢ - L™, GEZE7%0< 30 min, SAJ5 UM NaOH ¢
7K pH {ETEEE N 8. 1, BFEUEA BB 5 mL oK, A 2. 5 mL CO, MUK, 7RI
i, TCRIRATR pH fEA 8. 1 FER] 7.2 AYISIE] (Type ) o [T SRAN IS AR IR JCRR K pH R BN [R]
(Top), KA E(eCA) = (Tupy + Ty — 1) + W T eCA BIIEME E(eCA)

Xt F R RIR TR TG, BGE iR, F 2 mL JC CO,M/KBHERRR, K 1 mL 2125 4 mL JChkiE
K 2.5 mL CO, MR K RGH T LM IR A o 105 Ty M1 Ty, FPKBRATN E(total CA) = (Tyy +
Typ — 1) + (0.5 x W) TR SEREREEEATIEE E(tatal CA)

1.5 BESENNE

LA i g AR R K 4, ARILEEEE B3 (3R E T 55 CHUR P2 h, T (W), Wl
SEWRIFRE (W)

Z 18 Jensen' ™ HU T NEN 4K o (Chl @) ik, WEEEARTE 4 CHI90% (RBUMED) TRER
Wy, LIS 50 mL (V) BEOHS, ZIRT, #EEAER 24 h, #B.O0FREER, Aot
THINE HAE 666 nm 1 730 nm ZERWGEE(E (A), Chl a Bttt (mg/g) MYIHHEAXHA: w(Chl a) =
(Aggg = Apyo) X 10V 2890 x [W,(1 = W) ] .

2 R 0 O Dy TR R (A K EARTE 4 °C9 0.05 mol + L' PBS (pH =6.8) ZEu
WIS, WLV - 20 CUKFER R, Rt 2R UREBURBCEE =R PR, RE R 6
W, RIET 4 CkFET IR, B0 EFHR, M2 066E 0 & HAE 565, 615, 650, 615,
730 nmALABOCEEME (A) . BB ELLE T (PE) , WHEEN (PC) | JIEEEHRE (APC) Fiat
Fbw (mg/g) BOHREART R,

w(PE) = [0.123(Ags — Ayyy) = 0.068 (Ags — Asyg) +0.015(Aggy = Aryy) ] X V2 [Wo(1 = W) T,

w(PC) = [0.162(Ags — Apyy) = 0.001 (Ages — Ayyy) = 0.098 (Agqy = Arig) ] x V2 [ Wo(1 = W) ],

w(APC) = [0.171(Agy — Apyg) = 0.006(Ags — Ayyy) = 0.004(Ags = Aryg) ] x V2 [ Wo(l = W) 1,
1.6 X&-THBMR L (P-C H£k)

B B AN ) JC LR v B2 () I K . AR TE I K W in A NaHCO, , Bc il LAk & %0 0, 0.05, 0.1,
0.5, 1, 2, 4, 10 mmol « L™"/yig/K,, BUE & HEAARE T AR TCHAREEBK T, K3k 4 h, W& 10,
50, 500 wmol - m > « s~ =RMG ISR EE T (K, il 1T Michaelis-Menten 2 v = v, x [s]/(K,,
+[s]), RERIOEEEE (v,,)0 K [s] BRI ; o WIZTHUBARE F GO AR,
K, BRI SR 0 i TC ML R B
1.7 PEAERKEER

AW T BRI Sy, PR B AR SR, e W, o W, o TFRHUZE KR u iy
A K = (In W, —InW,) + ¢, Hep BRESRIE (d),

1.8 HIESHT

F e RS B R Dy 22 T ROUE R 7 220010, AW e xd S S i AR s i 2 5, i
EREWNZR N P<0.05, WEEEF NP <0.001 , FTHMMHA SPSS statistics 22. 0,
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ERO
2.1 EX F/F, B9EIN

SROERT, HRRIRR FF, WS TRIE (P <0.05, WLEI1) . Hf, #E10 pmol - m ™ - s
NI, ZRWMEE (P<0.001), FECRAIEN, ZAREMIRIER F/F, 3 E THE, 5%
SR FAIE, 7E 500 pmol « m™* + s TOEIR T, MRRIK S Z2RIKN F /F, FEIEEREBL T 55%

mm 2R Conchocelis Wl MHRAZ Thallus ok

*x%
= 0.8 = 0.8 Hkk
N N <
= =
0.6
- 04 t
i/ g
= =
I 0.2 i
2 z
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0.0 .
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JEHE R JEHE B BE
Light intensity/(mol - m=2-s™) Light intensity/(pmol - m=2-s™)
a)2d b)7d

#—P < 0.05; %55 —P<0.001 ; FBEA R 7R =Rt o b ] 1Y 25 5 W 3% (P<0.05)
*—P<0.05; ###%—P<0.001 ; different letters indicate significant differences between three light treatments by tukey’s HSD test (P<0.05)

1 ZMAEBTER2IR7dEEEEFNMERY R/F.E
Fig.1 The F,/F,, of two generations of P. haitanensis cultured for two days and seven days at three light intensities

2.2 FEXAXAHERMNRI

Br RS [RIAR RIS, Saai Tk vl DL RS A i ot & 3 A, JF HIRIR e 22 ARS8 iR sE R (W
K2), 510 wmol - m™ « s "ML, JEEEFEE S 500 wmol « m ™ « 7', MRARIRFIZZIRAR GGG R0y
BRI 2.8 A 7.1 Ik, JHigRiFE2 d o7 d, 7610 pmol - m ™« s7'F, MRR{IRE 22RO A
REAPRESR (P >0.05) ; fEEERE, HARIKGOEEHEARE B8 T2R1K (P < 0.05) .

B 22{R{K Conchocelis M H{R {4 Thallus

8r 8r
=
Mo 6
&0
z
s 4
g
dz2
R
*

0

10 50 500 10 50 500
JEHRR JEHR R
Light intensity/(pmol - m=2-s™) Light intensity/(pmol - m=2-s™")
a)2d b)7d

*—P<.05 ;#+—P<0.01 ;##*—P<0.001 ; F 1A [ F7m =R o b 3 8] 1) 25 5 2 2 (P<0.05)
*—P<0.05;**—P<0.01 ;#**—P<0.001 ; different letters indicate significant differences between three light treatments by tukey’s HSD test (P<0.05)
B2 =ZMABTER2IR7dEIEEZEFNMRGELEEE

Fig.2 The net photosynthetic rate of two generations of P. haitanensis cultured for
two days and seven days at three light intensities
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2.3 SRR EHEGR XA R R0

WA 3 B, JRESERIFIZZR IR RDE A BORE RSB TCHLBR EE (DIC) BYTHs i im, #
IR ARG, ToiedsEaE2 d 507 d, H5RM 50, 500 pmol - m™* « s T'HF, FRRIRAGEHE G R B
Wl = TR (P < 0.001) o XBEWIIEERZRIRHDCAME S HERIAR, SEA SRR AL,

MR PR, ZRERRIR R IOEEER (v,,,) BECHGEEEEEN N (P < 0.001) , il
DR BT LU AR S B B AE T . 7E 50 pmol + m ™2 + 57 J2 500 pumol - m ™ « s ILHRT,
THEIR2 d 87 d, ZARIER v, CREZES (P >0.05) o BEGIRAPHIN, ORI v, B HTR T 2248
K, JEHAE 500 pmol - m™* - s 7K, BRARIARY o, R E R TLRE (P < 0.001) , 556 f5L L,
W2 S A A TepLas 1) R BE T A AR R 2 5+

-0-500 pmol-m=+s7"; 4350 wmol-m?+s7"; A= 10 wmol -m=2-s7";

- 4 - 15r
= = 2
W = £
op o0)
z E.
3 1 3
o O
R E) A
'E&' 1 1 | {E“ 1 0 1 1 |
6 8 10 6 8 10
¢(DIC)/(mmol - L") ¢(DIC)/(mmol - L")
a) Hi g% 2 d Z24R{K Conchocelis cultured 2d 5 b) K% 2 d WK AK Thallus cultured 2d
4r . i
= =
T 3T Tep?
g _3 : 2"
T 2F & =l
% e — ¥
# 3 #) S
@ 1 o
B ol A A A
& &
0 1 1 1 1 ] R O 1 1 1 1 ]
0 2 4 6 8 10 0 2 4 6 8 10
¢(DIC)/(mmol - L") ¢(DIC)/(mmol - L")
¢) Kigi 7 d Z24RAK Conchocelis cultured 2d d) 5:3% 7 d HARAK Thallus cultured 2d

B3 ZHMABTREAE2dM7dEEEEAMHRE P-C #2(n=3,x+SD)

Fig.3 The P-C curves of two generations of P. haitanensis cultured for
two days and seven days at three light intensities(n=3,x+SD)

Rl =ZFAETIEERN v, (n =3, x SD)

Tab.1 The v,,of P. haitanensis at three light intensities (n = 3, x + SD)

max

e B Light intensity 2d 7d

/(pmol +m™ +s7") 22 IRIAK Conchocelis HARAA Thallus 22 IRIEK Conchocelis HARAA Thallus
10 1.91 £0.034*" 2.28 +0.28%" 1.608 £0.21 ** 2.076 £+0.22 **
50 2.21£0.75"* 10.47 £0.89 "* 2.243 +0.34"" 8.445 +0.74 "*
500 2.23 +0.36"" 13.05 £1.06 “* 2.360 +0.33"" 12.550 £1.24 °*

Bl “ o« IR P <0.05 ; [N FREARFZRRA [FDG0R AL BEE] 9 22 57 3% (P < 0.05) .
Notes: * —P <0.05; different letters in the same colum indicate significant differences between three light treatments by tukey’s HSD test

(P <0.05) .
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2.4 EEMNBESENTIM

AEEFE 2 d 87 d, ZRRFARIR ) Chl o 75 5 B G FE a8 B A4 386 i ing 20 & B (P <
0.001) , ZZRIEFIHRAR T PE & H7E 38 ~65 mg - ¢ SN, mm THALGZE, Rk PE & &
BECSRAIE N FEAIR (P < 0.05) 5 (HAEZZ2RIKT, PE AR 7 d T HMMEBRAHL (P <
0.05) . HEIKIMT, JeMxt PC A APC S/ (P > 0.05) . {WFEEFE 7 dJ5, ik PC
TEEEGRENMIEER (P <0.05) (WK 4),

B /2R 1A Conchocelis M IR44 Thallus
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(e [w]
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>
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w(APC)/(mg- ™)

10 50 500 10 50 500
DGR 5 E JEIR SR
Light intensity/(pmol - m2-s™") Light intensity/(pmol -m™2-s7")
a)2d b)7d

“x"RIR P<0.05 ; FREAN A 278 0 5k b 3 1] 9 3 2% S+ (P<0.05)
#*—P<0.05 ;different letters indicate significant differences between three light treatments by tukey’s HSD test (P<0.05)

4 ZHRBEETER2IR7IEELEEFIMIHRNEBERSE

Fig.4 The pigment content of two generations of P. haitanensis cultured for
two days and seven days at three light intensities
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2.5 FEEITERERETEGE MRS

M S s, 85982 d 807 d, total CA Fil eCA IG5 B IFEAE (P < 0.001) , 5
10 pmol + m ™ « s '"AHEL, 7E 500 wmol + m~* « s T'HEER T, MR FIZRIK total CA Fl eCA T P14
iYL 40% . 78 10 wmol - m > + s ' GHE FHEEFR 7 d, total CA fFEHAR 2SR (P < 0.05) , (HYEH
YRR SR IR, 528380 total CA T eCA ¥JJC W F AR ESR (P > 0.05) (WES),

B Z2R1E Conchocelis W FIR{A Thallus

= 100 B b 20
o0
2 a
HY 80 o0
= = 3.
4 =z
A 2
Eé E 40 i}é ié
3 = z &
&) = 5 5
= 20 = :
2 J
= =
0 0
10 50 500 10 50 500
B iR B S I B
Light intensity/(pmol - m=2-s7") Light intensity/(pmol - m=2-s™)
a)2d b)2d
~ 100 — 20r
o0 )
o Hoe
#S S
25 L
&g &
B2 =
= B 5
Tj =
2
10 50 500 10 50 500
R B SRR B B
Light intensity/(pmol - m=2-s™) Light intensity/(pmol - m=-s™)
c)7d d)7d

* RIR P<0.05 ;7 B AN [A] 2275 5 Ak P W] #Y) 1 35 22 52 (P<0.05)

*—P<0.05 ; different letters indicate significant differences between three light treatments by tukey’s HSD test (P<0.05)
B5 =MBETHEF2dM7dEEEERHAK total CA 71 eCA HiE 1t

Fig.5 Total CA and eCA enzyme activity of two generations of P. haitanensis cultured for
two days and seven days at three light intensities

2.6 @I

e 6 AT UL, IR SRR ARAR I A= R oR i im BEAFAE 25 57, 555 2 d 507 d, PRRIRAE
KADERZIEME, M T 10 pmol - m ™2 + 57", FE500 wmol » m ™2 « s~ E5R T HRAR A A= K38 hn
670% L4 L. (P < 0.001) , TiZ2RIRFIRA S, LT 10 pmol + m ™ + 57", £ 500 pmol + m ™ + s~
%ﬁ?ﬁ%hL%%W%iﬁVﬁTﬂ%(P<Q%Uoﬁﬁ&SWMWLmQ-C%ﬁT%%,

IRESRM A KA A IAR2E R (P < 0.05) , JUHAES00 pmol - m™ - s R FHEFR 2 d, AR
TRAY LA A o P22 A R T3 42 %, SRTT, 7E 10 pmol » m ™2 « s DRI T HEFR 7 d, 201K w L
MR T8 5 f%,
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R 221K Conchocelis WM IR{A Thallus

skoksk

03 r . 0.3 r
=S = T S ok
5 5
o o
¥ = ¥ @o2f o ¢
s s
K 2 o2 b
=2 RZ01F A -
8 5t i
C%‘ % a C
0.0 =

10 50 500 10 50 500
R R Bi
Light intensity/(pmol - m2- s’ll) Light intensity/(pmol - m2-s”! )
a)2d b) 7 d

ok —Pc().01 ;4% —P<0.001 5 FBE A 7] 7R o't it b B[] (1 8. 2% 2% 5 (P<0.05)
##—P<0.01 ;##%—P<0.001 ; different letters indicate significant differences between three light treatments by tukey’s HSD test (P<0.05)

6 =MABEBEEF2dM7dEELEEFIHROEERKER
Fig.6 The growth rate of two generations of P. haitanensis cultured for two days and seven days at three light intensities

3 itig
3.1 ZHEFANERERIT BN E

B DA EHREE CO,, MHEH CO M REmBEIOC ARG R R, Himsssii
T CCM LUMEREAE TH 47 A EAIL CO, BB P il AT G E . DR EEMIREE R, BRIt Ehs o
HEGREEZXT CCM 7 A520 , CA /& CCM i B 241 LS 43, B ML CO, FI HCO, AR B 64k, 1E/K
A A TCHLR A T 2 455 BRI ARG, MR ZZRAA ) total CA | eCA [TE 1
B IEASC (WWES), REDLRGET DS CCM R, [FR, fE=FOER T, IRk
I total CA Fl eCA PYTHPEI S T22R4K (UWLIEIS), TTULIRSE5E CA MG EAF e e AR 22 5% . DATEDE
GERM, HEINOGRRGR B T 5 =R AR | ORI EE CA TENE, JF HHOGA VR RN A 3 3
BEZ 3N S SROG BT LA R CA WP, SEMIHE S COM B0R, AEA LRI

AR AR AR S G AR, IR KA R o, JEHIWT B THURE M I M E S
B, AFREGERRY], BEE TR 4 &, Sa S22 RIR N v, LEHIRIR T 25 5 a5 5 0l , 3R
R TEALBR A RE T SE o (UWLIEI 3) oAb, HARIK S 220160 o, 500 B EAE (IR 1),
X 5 Takashi'™ 7E &K ¥ ( Chlamydomonas reinhardrii) H () BIF 45 FAH — 8, 1% 38 IO 58 AT LA S i
CCM, ¥H6A R R A AR BE T e 2R B, AR, LT 6 10 pmol - m ™2 « 571, IX5ERAE
JEi% 500 pmol » m™? + s TURREFR 2 A F T d T, ZORAFIAR R IS A CEGE R AR R E 2.8 £
To1AE (WLE2) , ik SeE5 BTG sR 038 0w DA m e HLak iR I RE 0, ANITRT IR S5 6 &4 H
PR HEROR

gi b, IR SRS B TR A X DGR A 0 2 AE AR W) 8 2 5
3.2 HAEXNASERAMEKHNZMEHRKER

SRS R AN A KN EEAR RN R —, RS mEERrEAER . ARG, B3R
VTR R BB R R F /F, SR S0 S R R b, R I g A 32 30 0 i 1
B FEIOET, RERELIEAINT PS I ARG F/F, BRARH FERE Y AR, REE LR
BIBEIN, IRERA PR F/F, BB, BT SER GRT IR R R 22 R A 1 D6 G R G 3 AR S
YERT (LI 1) o SEAR Y 2 el AR oG (0 3R VR BE A LU B, FERRO T i/ (o 3R & it DA s e i, i
TEE T3S AR S R DR R DR P Y IR a R AR MA SR, A Ko FiinE
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M, AT L, BEECHRIGIN, I555% Chl o I PE it B EREAK, 0 PC ORI APC & WA 5728
b (WL 4) o XU SRS A 0 B GBS T & A%, Harbh %512V R BL, Bhiokis, 20
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